Hyperbranched polymer-cored star polyfluorenes with high molecular weights and narrow molecular weight distribution were prepared by palladium-catalyzed one-pot Suzuki polycondensation of multifunctional cores and an AB-type monomer. The optical, electrochemical and thermal properties of the hyperbranched polymer-cored star polymers were investigated. These polymers exhibited good thermal and color stability in solid state, and there was no significant blue-green emission after the polymers had been annealed in air for 2.5 h. Their three-dimensional hyperbranched structures could effectively reduce the aggregation of the peripheral rigid linear conjugated polyfluorene chains.
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In recent years, three-dimensional conjugated macromolecules such as dendrimers, hyperbranched and star polymers have been widely used as light-emitting materials [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] . The rigid three-dimensional structures show superiority to the corresponding linear structures as light-emitting materials, because they can effectively suppress the aggregation of conjugated polymer chains and reduce the self-quenching of their luminescence [11, 12] . However, for practical application, hyperbranched and star polymers showed much more potential over the structurally perfect dendrimers, since the preparation of hyperbranched or star polymers is much easier than that of dendrimers. The structural irregular hyperbranched polymers and star polymers are prepared by one-pot reactions [13] [14] [15] [16] [17] [18] [19] [20] , whereas the structural well-defined dendrimers and star-shaped oligomers are synthesized by time-consuming stepwise reactions [21] [22] [23] [24] [25] [26] [27] [28] . The preparation and the investigation of the property of conjugated star and hyperbranched polymers have been well documented [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] [28] [29] . However, there are few examples on hyperbranched polymer-cored star polymers [30] [31] [32] . Hyperbranched polymer-cored star polymers are combinations of hyperbranched and linear structures. We are aiming at hyperbranched polymer-cored star conjugated polymers.
As known, linear conjugated polymers are prone to aggregate or crystallize in solid film due to their rigid rod-like structures. We hope such a type of structural design could combine advantages of linear and hyperbranched conjugated polymers. We expected that the rigid tree-like three-dimensional hyperbranched polymer core could effectively suppress the aggregation of the peripheral linear conjugated polymer chains.
In this paper, we report the synthesis and property investigation of a novel type of hyperbranched polymercored star polymers. The polymers were prepared by the growth of conjugated polymer chains from the peripheral bromo endgroups through palladium-catalyzed Suzuki polycondensation. The hyperbranched polymercored star polymers were of high molecular weight and narrow molecular weight distribution. The hyperbranched polymer-cored star polymers exhibited very good luminescent stability and did not show significant green-blue emission even after annealing at 200℃ for ARTICLES POLYMER CHEMISTRY 2.5 h in air.
Experimental

Materials
All chemicals were purchased from commercial suppliers and used without further purification. Triphenylamine monoboronic pinacol ester [33] , 7-bromo-9,9-dioctylfluorene-2-boronic pinacol ester 4 [34] , and AB 2 monomer 1 [35] were prepared according to the literature procedures. The catalyst precursor Pd(PPh 3 ) 4 was prepared according to ref. [36] , and stored in a Schlenk tube under nitrogen. Solvents were dried according to standard procedures.
Instrumention
All reactions were performed under an atmosphere of nitrogen and monitored by TLC with silica gel 60 F254 (Merck, 0.2 mm). Column chromatography was carried out on silica gel (200-300 mesh). 1 H NMR spectra and 13 C NMR spectra were recorded on a Bruker DM300 or AV400 spectrometer in CDCl 3 . The gel permeation chromatography (GPC) measurements were performed on a Waters chromatography connected to a Waters 410 differential refractometer with THF as an eluent. Electronic absorption spectra were obtained on a SHIMADZU UV-visible spectrometer model UV-1601PC. Fluorescence spectra were recorded on a Hitachi F-5600. Elemental analyses were performed on a Flash EA 1112 analyzer. TGA and DSC traces were recorded on Pyris 1 TGA and TA2910 under a nitrogen atmosphere at a heating rate of 10℃/min, respectively.
General procedure for synthesis of hyperbranched polymer-cored star polyfluorenes.
A mixture of 1, NaHCO 3 , THF/toluene, and H 2 O was carefully degassed before and after Pd(PPh 3 ) 4 was added. The mixture was stirred and refluxed for 24 h. A small amount of the hyperbranched polymers was taken out from the reaction flask for structural characterization and GPC analysis. A solution of 4 in THF/toluene (v : v, 1 : 1) was added under N 2 , and the mixture was further stirred and refluxed for 2 d. Triphenylamine monoboronic pinacol ester or 9,9-dioctylfluorene-2-boronic pinacol ester and additional Pd(PPh 3 ) 4 was added to cap the bromo endgroups, and the reaction mixture was further refluxed for 1 d. CH 2 Cl 2 was added; the organic layer was separated and dried over MgSO 4 . After the removal of the solvent, the residue was dissolved in a minimum THF and precipitated into methanol. The formed precipitate was recovered by filtration, taken up in benzene, and freeze-dried.
(i) Fluorene-capped hyperbranched polymer-cored star polymers 3a. 1 (100 mg, 0.11 mmol), THF (10 mL), toluene (10 mL), water (10 mL), NaHCO 3 (0.5 g, 6.0 mmol), and Pd(PPh 3 ) 4 (1.1 mg, 0.95 µmol) were used to prepare the hyperbranched polymer cores. 4 (244 mg, 0.41 mmol) and additional THF (10 mL), toluene (10 mL), water (10 mL), NaHCO 3 (0.5 g, 6.0 mmol) and Pd(PPh 3 ) 4 (4.7 mg, 4.1 µmol) were used to grow arms. Finally, 9,9-dioctylfluorene-2-boronic pinacol ester (71 mg, 0.16 mmol) and additional Pd(PPh 3 ) 4 (1.1 mg, 0.95 µmol) were used to cap the bromo endgroups. 3a was obtained as a slight yellow solid (197 mg, 81% 140.5, 140.0, 128.7, 127.9, 127.2, 126.9, 126.7, 126.1, 124.4, 122.9, 121.5, 119.9, 119.7, 55.3, 40.3, 31.7, 30.0, 29.2, 23.9, 22.6, 14 .0. Anal. Calcd for (C 221 H 293 N) n : C, 89.56; H, 9.96; N, 0.47. Found: C, 87.90; H, 9.89 ; N, 0.54; Br, <0.3%.
(ii) Triphenylamine-capped hyperbranched polymercored star polymers 3b. 1 (100 mg, 0.11 mol), THF (10 mL), toluene (10 mL), water (10 mL), NaHCO 3 (0.5 g, 6.0 mmol), and Pd(PPh 3 ) 4 (1.1 mg, 0.95 µmol)) were used to prepare hyperbranched polymer cores. 4 (292 mg, 0.49 mmol) and additional THF (10 mL), toluene (10 mL), water (10 mL), NaHCO 3 (0.5 g, 6.0 mmol) and Pd(PPh 3 ) 4 (5.7 mg, 4.9 µmol) were used to grow arms. Triphenylamine monoboronic pinacol ester (45 mg, 0.12 mmol) and additional Pd(PPh 3 ) 4 (1.1 mg, 0.95 µmol) were used to cap the bromo endgroups. 3b was obtained as a slight yellow solid (231 mg, 88%).
1 H NMR (400 MHz, CDCl 3 ): δ = 7.91-7.77 (broad),
